The average symbol error probability (ASEP) and outage probability (OP) performance of the switched diversity combining (SDC) system over N-Nakagami fading channels is investigated in this paper. The probability density function (PDF) 
1. Closed-form expressions are provided for the PDF and cumulative density functions (CDF) of the SNR over N-Nakagami fading channels. These are used to derive exact ASEP expressions.
2. The exact closed-form OP expressions for an SDC system are also derived.
3. The ASEP and OP performance under different conditions is evaluated through numerical simulation to verify the analysis. Results are presented which show that the performance of the SDC system is improved when the number of diversity branches and the fading coefficient is increased, but is degraded as the number of cascaded components is increased. 4 . The derived ASEP and OP expressions can be used to evaluate the ASEP and OP performance of the vehicular communications, such as inter-vehicular communications, intelligent highway applications and mobile ad-hoc applications.
The rest of the paper is organized as follows. The SDC system model is presented in Section 2. Section 3 provides exact and approximate ASEP expressions for phase shift keying (PSK) and pulse amplitude modulation (PAM). Exact closed-form OP expressions are presented in Section 4. Monte Carlo simulation is used in Section 5 to confirm the analytical results in the previous sections. Finally, some concluding remarks are given in Section 6.
System Model
Z follows N-Nakagami distribution, which can be represented by a product of N independent random variables [4] 1 N i i Za    (1) where N is the number of cascaded components, and a i is a Nakagami distributed random variable with PDF as (2) Γ(·) is the Gamma function, m is the fading coefficient and  is a scaling factor.
According to [4] , the PDF of Z is given as 1 , 0 2 0 , ,....,
Now consider an SDC system over an N-Nakagami fading channel with additive white Gaussian noise (AWGN). We assume there are L independent diversity branches. The instantaneous SNR of the jth branch is given by [14] 2 0 , 1, ...,
where E s is the average transmitted symbol energy and N 0 is the single-sided AWGN power spectral density.
The corresponding average SNR is given as [14] 2 0 ( ) , 1, ...,
where E(·) denotes expectation. 
Taking the first derivative of (6) with respect to r gives the corresponding PDF as [4] 1 ,0 0 , ,....,
First consider the case where the branches are independent and identically distributed, with PDF and CDF given by (6) and (7), respectively. The average SNR can then be written as
The PDF of r SSC is given as [10] (9) where f r (·) and F r (·) are the PDF and CDF of the instantaneous SNR for a diversity branch, and r th is the switching threshold.
The PDF of r SEC is given as [10] (10) This shows that the PDF of r SEC does not depend on the number of diversity branches L. The PDF of r SEC has the same expressions as the PDF of r SSC when L = 2. Thus we only need to analyze an SEC in the remainder of this paper.
The ASEP Performance
The SEP averaged over the fading SNR is given by [15] 0 ( ) ( )
where P q (x) denotes the SEP of the q-ary modulation employed. We first consider qary PAM and then q-ary PSK.
A. PAM
The SEP of q-ary PAM modulation in an additive white Gaussian noise (AWGN) channel is given by [15] 
Substituting (10) and (12) into (11), the ASEP of q-ary PAM over N-Nakagami fading channels is (15) and substituting (6) into (15) gives 
Substituting (17) into (16), we can obtain 
where 
The OP Performance
The OP is given by [14]  
where r T is a given threshold for correct detection.
Substituting (10) into (28) results in 
Numerical Results
In this section, we present Monte-Carlo simulations and numerical methods to confirm the derived analytical results. The simulation results are obtained for BPAM and QPSK modulations. Additionally, random number simulation was done to confirm the validity of the analytical approach. All the computations were done in MATLAB and some of the integrals were verified through MAPLE. The number of diversity branches is L=1,2,3,4, the fading coefficient is m=1,2,3, and the number of cascaded components is N=2,3,4. Figure 1 presents the ASEP performance of an SDC system over N-Nakagami fading channels with BPAM modulation. The number of cascaded components is N=2, and the number of diversity branches is L=1, 2, 3, 4. When L=2, SEC is equivalent to SSC. The fading coefficient is m=2 and the switching threshold r th is 10dB. These results show that the ASEP performance is improved as the number of diversity branches L is increased. For example, when SNR=16dB, for L=1 the ASEP is 2.6×10 -3 , for L=2 the ASEP is 5.6×10 -4 , for L=3 the ASEP is 1.2×10 -4 , and for L=4 the ASEP is 2.6×10 -5 . For fixed L, an increase in the SNR reduces the ASEP over N-Nakagami fading channels. Figure 2 presents the ASEP performance of an SDC system over N-Nakagami fading channels with QPSK modulation. The number of cascaded components is N=2, the number of diversity branches is L=3, and the fading coefficient is m=1, 2, 3. The switching threshold r th is 13dB. These results show that the ASEP is improves as the fading coefficient m increases. For example, when SNR=12 dB, for m =1 the ASEP is 8.1×10
-2 , for m =2 the ASEP is 2.5×10 -2 , and for m =3 the ASEP is 1.2×10 -2 . This is because the fading severity of an N-Nakagami channel is reduced with a larger m. For fixed m, an increase in the SNR reduces the ASEP over N-Nakagami fading channels, as expected. 
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Copyright ⓒ 2016 SERSC which corresponds to double-Nakagami, 3-Nakagami, and 4-Nakagami fading channels, respectively. The number of diversity branches is L=3, and the fading coefficient is m=2. The switching threshold r th is 10dB. These results show that the ASEP is degraded as N increases. For example, when SNR=12dB, for N=2, the ASEP is 2.3×10 -3 , for N=3 the ASEP is 6.7×10 -3 , and for N=4 the ASEP is 1.4×10 -2 .This is because the fading severity of the cascaded channels increases as N increases. For fixed N, an increase in the SNR reduces the ASEP, as expected. Figure 4 presents the OP performance of an SDC system over N-Nakagami fading channels. The number of cascaded components is N=2, 3, the number of diversity branches is L=3, and the fading coefficient is m=1, 2, respectively. The switching threshold r th is 4dB, and r T is 2dB. These results show that the OP improves as the fading coefficient m is increased. For example, when SNR=12 dB and N=2, for m=1 the OP is 2×10 -2 , and for m=2 the OP is 1×10 -3 . Further, an increase in the number of cascaded components N degrades the OP performance. For example, when SNR=12 dB and m=2, for N =2 the OP is 1×10 -3 , and for N =3 the OP is 6×10 -3 . For fixed N and m, an increase in the SNR results in a reduced OP over N-Nakagami fading channels.
Conclusion
The ASEP and OP performance of an SDC system over N-Nakagami fading channels is investigated in this paper. Exact and approximate ASEP and OP expressions are derived. Performance results are presented which show that the number of diversity branches L, the fading coefficient m, and the number of cascaded components N have an important impact on the ASEP and OP performance. The derived ASEP and OP expressions can be used to evaluate the ASEP and OP performance of the vehicular communication systems such as inter-vehicular communications, intelligent highway applications and mobile ad-hoc applications. In the future, we will consider the impact of the correlated channels on the ASEP and OP performance.
